increase in medical cost, a 10.5% increase in nonmedical cost, and a 4.1% increase in caregiving time. A one-point increase in BDRS score was associated with a 7.6% increase in medical cost, a 3.9% increase in nonmedical cost and an 8.7% increase in caregiving time. Conclusions: Both functional impairment and patient dependence were associated with higher costs of care and caregiving time. Measures of functional impairment and patient dependence provide unique and incremental information on the overall impact of AD on patients and their caregivers.
perform cognitively demanding and even basic physical tasks. The relationship between patients' functional deficits and higher cost of care has been clearly demonstrated in cross-sectional settings [2] [3] [4] [5] . In the Predictors Study, we examined longitudinal relationships between patients' functional deficits and several cost outcomes, including medical (e.g. hospitalizations) and informal caregiving costs (e.g. cost of caregivers' time) [4, 5] . We found the relationship between increasing functional deficits and higher costs consistent over time.
However, functional deficits do not fully describe patients' dependence on other individuals and may only provide a partial explanation of variation in AD-related costs [6] [7] [8] [9] [10] . To address this issue, the Dependence Scale (DS) was developed to directly measure the amount of assistance AD patients require [7] . Earlier studies demonstrated that, aside from patients' cognition and function, the DS measures related but distinct aspects of disability in AD [8] [9] [10] . Two recent studies began to examine the effect of dependence on costs of care [11, 12] . Murman et al. [11] conducted a pathway analysis to examine the effect of the DS on cost by payer (e.g. Medicare). The results showed that the DS was partially explained by a combination of clinical characteristics (e.g. cognitive impairment), and that the DS, in turn, partially explained variations in total societal costs. While this provides additional support for the DS as a predictor of cost, the omission of a functional measure limits any conclusions on the utility of the DS as a predictor separate from functional deficits. To address this issue, we conducted an analysis using baseline data of the Predictors Study and examined the incremental effect of the DS on cost [12] . We showed that, after controlling for functional deficits, the DS was significantly associated with total cost of care, and that functional deficits and dependence related differently to different cost components. However, since all patients were at early disease stages at baseline, few used any nonmedical care (e.g. home health aides), precluding a detailed analysis on the relationship between the DS and this important cost component. Also, since both studies were cross-sectional, whether this relationship is consistent over time has yet to be determined.
In this study, we aim to extend previous work in two directions: (1) to investigate whether the relationships between increasing dependence and costs of care observed in cross-sectional settings are consistent over time, and (2) to examine the nonmedical care cost trajectory and estimate its relationship with patient dependence. By estimating these relationships, we hope to provide useful data for future evaluations of disease cost trajectories, provide insights into future areas for research, clinical practice and disease management, and influence health care policy and financing.
Methods

Sample
The sample was drawn from the Predictors 2 cohort, and consisted of 204 patients with probable AD recruited between 1998 and 2004 from the Columbia University Medical Center, Johns Hopkins School of Medicine, and the Massachusetts General Hospital [13, 14] . The inclusion and exclusion criteria have been fully described elsewhere [13, 14] . Briefly, subjects met DSM-III-R criteria for primary degenerative dementia of the Alzheimer type and NINDS-ADRDA criteria for probable AD. Enrollment required a modified Mini-Mental State Examination (mMMS) score 6 30 [15] . The mMMS (range 0-57) is an expanded measure of global cognitive status based on the original Folstein MiniMental State Exam (MMSE) [16] , and includes the Wechsler Adult Intelligence Scale Digit Span subtest, as well as additional attention/calculation, general knowledge, language, and construction items. A conversion equation, mMMS = 1.73 MMSE + 2.81, can be used to relate the mMMS to the original MMSE. An mMMS score 6 30 therefore is equivalent to a score of approximately 6 16 on the original MMSE. Because patients were followed at academic AD centers, they were well characterized, with high degrees of certainty in their AD diagnosis. To date, postmortem diagnoses have been completed for 96 patients, 92 (96%) of whom had AD-type pathological changes based on CERAD and NIAReagan criteria [17, 18] .
Recruitment of patients began in 1998 and is ongoing. After the baseline visit, all patients were re-evaluated semiannually, with annual assessments of health care utilization and costs. At the time of these analyses, baseline data were collected for 13 have had at least one follow-up assessment and about a third had 3 assessments. Median follow-up for the cohort at this point was 2.5 years; maximum was 7. Patients who did not respond at a particular visit could respond at a subsequent visit. Differences in the number of observations during follow-up reflect both continuous accrual of patients and patient deaths (7%). Missed visits during follow-up were rare: 15.6% missed 1, 2.5% missed 2, and 1% missed 3 visits.
The construction of our analysis sample has been described in detail in earlier reports [4, 5] . Briefly, because patterns of health care utilization differ substantially for community and institutionalized patients [19, 20] , we excluded visits during which patients lived in an institutional setting. We further excluded visits for which there were missing cost and DS data. In addition, we excluded from the analysis 3 different visits (from 2 patients) with reports of zero use of any resource items. Because the number of observations with zero use was so small, excluding them did not change the distribution of the dependent variables in the sample. The analysis sample consisted of 428 observations from 172 patients who lived at home throughout the study period.
Measures
Patient characteristics and cost outcomes used in this study are briefly described below. Details of the measures and the costing methods used were reported in earlier studies [4, 5] .
Dependent Variables
Informants reported patients' utilization of medical, nonmedical, and informal care. Domains of medical care included hospitalization, outpatient treatment and procedures, assistive devices, and medications. Domains of nonmedical care included overnight respite care, adult daycare, and home health aides. Quantities of care used were annualized and converted into costs using prices obtained from public databases. All costs values were adjusted to constant 2005 dollars. Informal caregiving time for basic and instrumental activities of daily living and for supervision was obtained from up to 3 caregivers for each patient. Hours of informal care provided per day for each caregiving task were asked in the following categories: 0, ^ 3, 3-6, 6-9, 9-12, and 1 12 h. We transformed these categories into continuous values using the mean of each category and top-coded the last category to 12 h. We summed the hours for each patient to obtain an estimate of total caregiving hours.
Independent Variables
Our main independent variables are the DS and the Blessed Dementia Rating Scale (BDRS).
Dependence Scale
The DS consists of 13 items, representing a wide range of care required by a patient, from items related to early disease stages, such as needing reminders, to those related to more advanced disease stages, such as needing to be fed [7] . Table 1 presents the entire DS questionnaire. All items deal with patients' needs, rather than what they actually received. The instrument is designed to be administered to a reliable informant who lives with the patient or one who is well informed about the patient's daily activities and needs. With the exception of the first 2 items (needs reminders to manage chores, needs help to remember important things such as appointments) which are coded as 0 (no), 1 (occasionally, at least once a month), and 2 (frequently, at least once a week), responses to the rest of the items are coded dichotomously and indicate whether the patient requires assistance with a particular item (0 = no, 1 = yes). The total DS score is the sum of scores on all 13 items (range = 0-15), and provides a continuous index of progressively greater dependence, with higher scores indicating increasing dependence. Reliability and validity of the scale have been established, with reliability coefficients ranging from 0.66 to 0.93 [7] .
Blessed Dementia Rating Scale Functional capacity was measured by the BDRS parts I (instrumental activities of daily living) and II (basic activities of daily living) [6] . Response options for the 7 instrumental activities of daily living items (e.g. difficulty in doing chores around the house) were none (0), some difficulty (0.5), and a lot of difficulty (1) . Response options for the 3 basic activities of daily living items (e.g. eating) ranged from 0 to 3, with higher scores indicating more difficulty. For example, for the item on eating, the response options were eat cleanly (0), messily or only with a spoon (1), only able to eat simple solids such as pudding (2) , and need to be fed (3). The total BDRS score is the sum of scores on all 10 items (range = 0-17), with higher scores indicating worse function. Reliability and validity of the scale have been established, with reliability coefficients ranging from 0.60 to 0.80 [6] .
Other Independent Variables Patients' medical histories at baseline were used to construct a modified version of the Charlson Comorbidity Index [21, 22] . Patients' age, ethnicity, sex, and education were recorded at baseline and marital status was recorded at each visit.
Analysis
We used random effects models to estimate the effects of patient characteristics on medical cost, nonmedical cost, and informal caregiving time [23] . With this framework, we hypothesize that costs are predicted by a combination of fixed effects that are common to all individuals in the population or common to groups of individuals, and random effects that indicate individual spe- Because the distributions of the dependent variables were highly positively skewed, we examined log-transformed dependent variables. Therefore, the coefficient estimates are semi-elasticities, for which the interpretation requires some care. For continuous explanatory variables, the coefficient beta estimates proportional change in the cost outcome for a unit change in the explanatory variable. That is, for a unit increase in the explanatory variable, cost increases by 100 beta %. For dichotomous explanatory variables, the corresponding proportional change in cost of the explanatory variable from the reference group is estimated by Kennedy [24] . We interpreted these proportional changes as marginal effects of the explanatory variables, and estimated the positive portion of each dependent variable. All analyses were performed using Stata 9.0 [25] .
As in our baseline analysis, we were concerned about the relationship between our main independent variables and other clinical characteristics (e.g. MMSE). We followed our baseline analysis and examined two sets of models, a trimmed model that controlled for demographic variables only, and a full model that also controlled for other clinical variables [12] . We present data for the trimmed models only because results suggest that they performed just as well as the full models.
Results
Sociodemographic and Clinical Characteristics
Descriptive statistics of patients' sociodemographic characteristics at baseline and at each follow-up year are provided in table 2 to give a sense of the characteristics of the cohort over time. At baseline, the average patient was 75.1 years old. Slightly over half were women (55.8%). Most patients were non-Hispanic white (95.3%), well-educated (average 14.5 years of schooling), and married (67.4%). Table 3 presents patients' clinical characteristics at baseline for the entire sample and for the subset of patients with complete 4-year follow-up data. Because of study inclusion criteria, all patients were at the early stages of AD at baseline, with a mean MMSE score of 22.1 (SD = 3.8), mean BDRS score of 2.8 (SD = 1.4), and mean DS score of 5.1 (SD = 2.3). Behavioral problems (42.4%) and psychotic symptoms (31.0%) were common. About 20% had depressive symptoms; 14.5% exhibited extrapyramidal symptoms (EPS). At baseline, the subset of patients with complete 4-year follow-up data was similar to other patients regarding DS, BDRS, and MMSE scores. However, the prevalence of behavioral problems, psychotic symptoms, depressive symptoms, and EPS was lower. As expected, patients' cognition and function declined and dependence increased over time. The presence of EPS and psychotic At baseline, data were collected from 172 patients. At year 1 and each year thereafter through year 4, data were collected from 103, 71, 43, and 32 patients for a total number of 428 observations. Differences in the number of follow-up visits mainly reflected the staggered nature of sample recruitment and to a lesser extent patient deaths (7%). symptoms seemed to have increased over time, while the presence of behavioral problems and depressive symptoms fluctuated. The number of comorbidities remained relatively stable over time (mean = 0.7, SD = 0.9).
Unadjusted Medical and Nonmedical Costs and Weekly Caregiving Hours
At baseline, informants reported an average annual cost of USD 8,600 for medical care and USD 1,500 for nonmedical care. Figure 1 presents descriptive data on medical and nonmedical cost by DS scores for all observations, regardless of visit. Medical care cost increased from USD 4,831 when DS score = 0 to USD 16,937 when DS score 6 14. Nonmedical cost followed a somewhat different trend. Patients had little nonmedical cost until reaching mild levels of dependence before cost started to increase, from USD 2,828 when DS score = 6 to USD 21,072 when DS score 6 14. These results were combined to show that total direct cost increased from USD 4,831 when DS score = 0 to over USD 38,009 when DS score 6 14. At baseline, informants reported that patients received an average of 21.2 h of informal care per week. Figure 2 presents descriptive data on informal caregiving hours per week by DS scores for all observations, regardless of visit. Informal caregiving time increased from 7.9 h per week when DS score = 0 to 26.5 h per week when DS score 6 14. Table 4 presents our multivariate results on the effects of patient characteristics on medical cost, nonmedical cost, and informal caregiving time. Results showed that, after controlling for other covariates, both DS and BDRS scores were significantly associated with all three dependent variables. Specifically, each additional point in DS score was associated with a 4.1% increase in informal caregivers' time (p = 0.05), a 5.7% increase in medical cost (p = 0.031), and, although the effect was only marginally significant, a 10.5% increase in nonmedical cost (p = 0.106). Each additional point in BDRS score was associated with an 8.7% increase in informal caregivers' time (p = 0.032), a 7.6% increase in medical cost (p = 0.109), and a 3.9% increase in nonmedical cost (p = 0.019). The results also showed that one more comorbidity was associated with a 19.2% increase in medical cost (p = 0.002).
Adjusted Medical and Nonmedical Costs and Weekly Caregiving Hours
Secondary Analysis Estimating Informal Caregiving Costs
There is controversy in the approaches to value cost of caregivers' time [26] . The replacement wage approach is often used in the literature for its simplicity with the assumption that wage rates used approximate prices paid for purchasing similar caregiving activities in the market. The alternative, opportunity cost approach, predicts the caregivers' wage rate from individuals with similar characteristics (e.g. age, gender, education, work experience). Although the opportunity cost approach is more consistent with economic theory, lack of data on caregivers' labor force participation, as in this study, often precludes a detailed estimation of caregivers' wage rates. To gauge the sensitivity of using different wage rates to value informal caregiving time, we used three replacement wage rates. The national average hourly earning for all private industries [27] was used as a high estimate of caregivers' time, the average wage rate for home health aides as a middle estimate, and the federal minimum wage as a low estimate. In each valuation, informal caregiving cost was estimated by multiplying the hourly wage rate with the weekly hours of caregiving reported, and converting weekly cost to annual cost by multiplying by 52 (weeks per year). Using these wage rates, we estimated the low (high) cost of informal caregiving time at USD 2,391 (USD 18,560) at baseline, increasing to USD 3,923 (USD 32,862) in year 4. As the DS score increased, we estimated the cost of informal caregivers' time to increase from USD 2,919 to USD 7,998 (low estimate) or from USD 7,065 to USD 31,863 (high estimate).
Discussion
AD has been characterized as impairments involving three main areas: cognition, function and behavior. Each of these characteristics has individually been analyzed with respect to their effect on patients' health care cost. The DS was developed as a brief measure of AD patients' needs, and provides a useful method for measuring pa- tients' dependence on others and tracking changes in dependence over time [7] . It has been shown to change over time after accounting for changes in cognition or function, supporting its utility as a construct separate from functional disability [8] [9] [10] . Until recently, however, there has been limited information on the ability of the DS to discern differences in cost of care [4, 5, 11, 28] . The current analysis builds on recent literature by establishing the relationship between DS and cost over time. This question was explored for medical cost, nonmedical cost, and informal caregiving time. Our results show after controlling for functional deficits, patients' dependence was significantly associated with medical cost and informal caregiving time, and marginally significantly associated with nonmedical cost. This study has several limitations. First, patients in our sample, selected from academic AD centers and predominantly white and highly educated, may represent a nonrandom sample of AD patients in the community. Caution is needed in generalizing the results of this study. Second, data on patients' health care costs were reported by informants, most of whom were patients' primary caregivers. Although there is no reason to believe that caregivers' reports of patients' health care utilization are inaccurate [29, 30] , it is possible that there are additional costs beyond those collected in the study. Third, it should be noted that we estimated costs associated with caring for patients with AD which are not incremental costs due to AD.
The large variations in informal caregiving cost (and hence total cost) estimates using different wage rates should be noted. This wide variation in cost of care for AD patients is well known in the literature [31] . Two of the main reasons for variation are types of resources (e.g. informal care, medical care services used) included in the studies and the methods of valuing these resources. Depending on the wage rates assigned to caregivers' time, the magnitude of imputed informal cost and its proportion in total societal cost would vary. To address these issues and to increase transparency we have provided caregiving hours prior to applying any cost estimates on caregiving time. However, valuation of informal caregiving time is important in order to obtain a sense of its magnitude as compared to direct cost of care. We estimated that total cost of caring for AD patients ranged from USD 13,178 at baseline to USD 22,385 at year 4 (low estimate using minimum wage) to USD 30,544 at baseline to USD 50,174 at year 4 (high estimate using national average wage rate). These estimates are within the ranges reported in the literature and indicate the validity of the data collection process used in the Predictors Study.
Confidence in our findings is strengthened by several factors. A major contribution of the present analysis lies in the careful diagnosis and clinical follow-up that patients received. Patients were followed prospectively, which eliminates the potential biases inherent in deriving information from retrospective chart reviews. Clinical signs of interest were ascertained and coded in a standardized fashion at each visit. Evaluations were performed annually, which provides multiple assessments of cost and therefore permits more accurate coefficient estimates. Finally, patients were recruited at early disease stages and followed for long periods of time with high follow-up rates. Analysis is not compressed in time and the cohort describes the full range of progression over time. At the time of these analyses, 5.5% of the cohort had missing follow-up information before the most updated data entry.
The results of this analysis suggest that patients' dependence provides a significant contribution in explaining variations in health care cost in AD and that small changes in dependence are associated with large changes in costs of care. Thus, interventions that enhance patient independence (or delay patients' dependence) may be associated with cost savings. The traditional approach to managing AD focusing on identifying and handling patient symptoms may have been missing an important component in how we evaluate patients' needs or dependence on others. Focus on this area is of particular importance for clinicians and policymakers in providing support to patients, planning patients' future health care needs, and approaching management of AD patients.
